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(54) Method and apparatus for coupling an engine and transmission with a starter/alernator 



(57) A starter/alternator system 40 for an automo- 
tive vehicle 10 with an intemal combustion engine 12 
has a crankshaft 50 coupled to pistons 1 6 and a flywheel 
90 coupled to the crankshaft 50. The vehicle 1 0 also has 
a transmission 20 having an input shaft 22. A starter/ 
alternator 42 has a rotor 48 and a stator 46. The rotor 
42 is fixedly coupled to the input shaft 22. A clutch 52 



selectively couples the Input shaft 22 and the crankshaft 
50. The rotor 48 has a rotor carrier 70 and a rotor coil 
71 . The rotor earner 70 has a radially extending portion 
72 and an annular portion 74 spaced from the Input shaft 
22. The annular portion 74 has an inner surface 80 and 
outer surface 82 wherein the rotor coil 71 is fixedly cou- 
pled to the outer surface 82. 
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Description 

[0001] The present invention relates generally to in- 
ternal connbu&tlon engines for automotive vehicles, and 

more specifically, to an automotive vehicle having a 5 
starter/alternator coupled between the engine and 
transmission and to a method for engaging and disen- 
gaging the engine from the transmission. 
[0002] Automotive vehicles with intemal combustion 
engines are typically equipped with both a starter motor 
and alternator positioned in different locations on the en- 
gine. In recent years, a combined alternator and starter 
motor has been proposed. To date the cost and com- 
plexity of combining these systems into one device has 
prevented it from being used in a production embodi- 
ment 

[0003] With new Interest in hybrid electric vehicles, 
the starter-alternator can assume other functions such 
as stopping and restarting the engine to save fuel during 
idle and deceleration, aiding the engine during heavy 
accelerations and capturing energy during decelera- 
tions. 

[0004] Known systems typically h ave a rotor mounted 
directly to the crankshaft of the engine and a stator sand- 
wiched between the engine block and the bell housing 
of the transmission. During start-up of the vehicle, the 
starter/alternator functions as a starter rotating the 
crankshaft of the engine while the cylinders are fired. 
After the engine is started, the starter/alternator is used 
as a generator to maintain the eiectrk;al system of the 
vehicle. 

[0005] One drawback to such systems is that the rotor 

remains fixedly attached to the crankshaft. When the en- 
gine is not operating, It may be desirable to provide the 
transmission with power supplied by the starter-alterna- 
tor. However, to do this the crankshaft of the unoperating 
engine is rotated. This Is Ineffteient because an In- 
creased amount of power must be provided. 
[0006] It would therefore be desirable to disengage 
the engine from the starter/alternator rotor to reduce the 
inefficiency of turning the crankshaft of the engine when 
operation of the engine is not required. 
[0007] It is therefore one object of the invention to in- 
crease the efficiency of the starter/alternator during op- 
eration of the vehicle under the control of the starter/ 
altemator. 

[0008] In one aspect of the invention, a starter/alter- 
nator system for an automotive vehicle with an Intemal 
combustion engine has a crankshaft coupled to pistons 
and a flywheel coupled to the crankshaft. The vehicle 
also has a transmission having an Input shaft. A starter/ 
altemator has a rotor and a stator. The rotor is fixedly 
coupled to the Input shaft. A clutch selectively couples 
the input shaft and the crankshaft. 
[0009] The rotor has a rotor cannier and a rotor coil. 
One feature of the invention Is that the rotor carrier has 
a radially extending portion and an annular portion 
spaced from the Input shaft. The annular portion has an 



inner surface and outer surface wherein the rotor coil is 
fixedly coupled to the outer surface. 
[001 0] in another aspect of the invention , the starter/ 
altemator may be used to inertia balance the engine. 
That is, the starter/alternator may be modulated to pro- 
vide a torque to reduce the effective inertia of the starter/ 
alternator system so that the engine does not have an 
increased inertia! load due to the starter/alternator sys- 
tem. 

[0011] One advantage of the Invention is that axial 
movement of the rotor with respect to the stator due to 
magnetic forces is reduced. 

[0012] Other objects and features of the present in- 
vention will become apparent when viewed in light of the 
detailed description of the preferred embodiment when 
taken in conjunction with the attached drawings and ap- 
pended claims. 

[0013] Figure 1 Is a schematic view of an automotive 
vehicle having a starter/alternator system according to 
the present Invention. 

[0014] Figure 2 is a cross-sectional view of the starter/ 
alternator engaging the transmission and engine. 
[0015] Figure 3 is a cross-sectional view of the starter/ 
alternator disengaging the transmission and engine. 
[0016] The present invention is described with re- 
spect to a particular configuration of a starter/alternator. 
However, the teachings of the present invention may be 
applied to various starters for internal combustion en- 
gines. 

[0017] Referring now to Figure 1 , an automotive ve- 
hicle 10 Is illustrated having an Internal combustion en- 
gine 12 having cylinders 14 with pistons 16 located 
therein. Each cylinder 14 is coupled to a fuel pump 
through a fuel Injector (not shown) or other fuel delivery 
system. Each cylinder 14 also has a spark plug 19 or 
other ignition source coupled to a powertrain control unit 
1 8. Powertrain control unit 1 B controls the Ignition timing 
and fuel pump operation In a conventional manner sub- 
ject to the improvements of the present Invention. 
[0018] Engine 12 Is coupled to a transmission 20. 
Transmission 20 may be automatic, manual or continu- 
ously variable. Transmission 20 has a transaxle input 
shaft 22. Transmission 20 Is coupled to a differential 28 
to drive an axle 30 to provide power to wheels 32. Of 
course, the present invention is also applicable to four 
wheel drive systems In which all of the wheels 32 are 
driven. A starter/alternator system 40 that includes a 
starter/alternator 42 and its associated control electron- 
ics Is coupled to engine 12. In the present Invention, 
starter/alternator 42 is positioned between a housing 44 
of transmission 26 and the engine 12. Starter/alternator 
42 has a stator 46 fixedly attached to bell housing 44 
and a rotor 48 selectively coupled to a crankshaft 50 of 
engine 12 and fixedly coupled to transmission 20. A 
clutch 52 Is used to engage and disengage engine 12 
from transmission 26. As will bef urther described below, 
starter/alternator 42 Is used as a starter during engine 
start-up and as an altemator to supply power to re- 
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charge the batteries of the vehicle and to supply electri- 
cal loads. Clutch 52 allows starter/alternator 42 to de- 
couple the engine 12 and transmission 26 during stops 
or idle of engine 12. 

[001 9] Starter/alte rn ato r system 40 h as a system con- 
troller 54 that is coupled to powertrain control unit 18 
and to a power inverter56. In practice, the power invert- 
er 56 and system controller 54 may be contained in a 
single package. As will be further described below, sys- 
tem controller 54 may be used to control the coupling 
and decoupling of the crankshaft and the transmission 
by controlling the operation of the clutch actuator in the 
starter/alternator 42. The inverter 56 is used to convert 
DC power to AC power in the start-up mode and AC 
power to DC power in power generation mode as will be 
further described below. 

[0020] Power Inverter 56 may be coupled to an energy 
storage device 58 such as an ultra capacitor, a first DC 
to DC converter 60, and a second DC to DC converter 
62. In the configuration shown, DC to DC converter 60 
is coupled to a 36 volt battery 64. DC to DC converter 
62 is coupled to a 1 2 volt battery 66. Of course, the ac- 
tual battery voltage, the number of storage devk^es and 
the number of DC to DC converters Is dependent on the 
particular system to which it is attached. 
[0021] Referring nowto Figure 2, starter/alternator 42 
is illustrated in further detail with clutch 52 shown in en- 
gagement. Rotor 48 has a rotor carrier 70 and a rotor 
winding 71 . Rotor carrier 70 is fixedly coupled to input 
shaft 22. Therefore, input shaft 22 and rotor carrier 70 
simultaneously rotate. Rotor earner 70 has a radially ex- 
tending portion 72 and an axially extending portion 74. 
Radially extending portion 72 extends a predetermined 
distance from a longitudinal axis 76 of the system. Lon- 
gitudinal axis 76 is preferably co-extenslve with crank- 
shaft 50, rotor carrier 70 and input shaft 22. A bushing 
78 may be used to couple input shaft 22 and rotor carrier 
70. Rotor carrier 70 generally has a cup shape having 
an interior portion 80 and an exterior portion 82 defined 
by axially extending portion 74. Rotor winding 71 is po- 
sitioned on exterior portion 82. Rotor carrier 70 has an 
axial nose portion 84. Nose portion 84 lies on the longi- 
tudinal axis 76 of rotor carrier 70 and is thus coaxial with 
crankshaft 50 and input shaft 22. A support bracket 86 
is used in conjunction with fasteners 88 to connect rotor 
carrier 70 to input shaft 22. A position sensor target 89 
may be coupled to rotor carrier 70 to provide feedback 
to system controller 54. 

[0022] Crankshaft 50 has a flywheel 90 secured 
thereto through fasteners 92. Flywheel 90 has a cup 
shaped portion 94 that Is used to receive a bearing 96. 
Bearing 96 has an outer race 98, and Inner race 100, 
and bearing bails 102. Outer race 98 is fixedly coupled 
to shaft 50 while inner race 1 00 is fixedly coupled to nose 
portion 84. Bearing balls 102 allow rotor carrier 70 and 
crankshaft 50 to rotate Independently. 
[0023] Clutch 52 is used to engage and disengage 
crankshaft 50 from input shaft 22. Clutch 52 has an ac- 



tuator assembly 104 and a friction plate portion 106. 
[0024] Actuator assembly 104 has a slave cylinder 
108 that Is stationary with transmission. Slave cylinder 
1 08 has an intemal piston that, through a thrust bearing 

5 1 09, provides force to and moves axially actuator as- 
sembly rods 110 which extend through radially extend- 
ing portion 72. Actuator portion 104 engages a dia- 
phragm spring 112 pivotaily coupled at a plurality of pivot 
points 114. Diaphragm 112 has an Inner portion 116 

10 closest to longitudinal axis 76 and an outer portion 11 8 
furthest away from longitudinai axis 76. Actuator portion 
1 04 moves in an axial direction pivoting inner portion 
1 1 6 and outer portion 1 1 8 about pivot point 11 4. As pis- 
ton 110 moves in an axial direction toward crankshaft 

IS 50, input portion 116 rotates about pivot point 114 so 
that outer portion 11 8 pivots toward input shaft 22. 
[0025] Friction portion 1 06 is comprised of a pair of 
friction plates 120 and 124, and a pair of separation 
plates 122, 126. Two friction plates and two separator 

20 plates are illustrated. The friction plates are preferably 
fomned of commonly used clutch materials. However, 
various numbers of friction plates may be used as would 
be evident to those skilled in the art. Friction plate 120 
is fixedly coupled to flywheel 90 and has a single friction 

25 surface opposite flywheel. Friction plate 124 is slldably 
coupled to flywheel 90 with a support 128. Support 128 
engages the outer portion of cup shaped portion 94. 
Support 128 moves In an axial direction within a spline 
130. 

30 [0026] Separator plates 122 and 126 are coupled to 
interior portion 80 of axially extending portion 74 of rotor 
carrier 70. Separator plates 122 and 126 are slidably 
engaged in aspilne 131 .Thus, as rotor carrier 70 rotates 
with input shaft 22, separator plates 1 22 and 126 rotate. 

55 As flywheel 90 rotates, friction plates 120 and 124 ro- 
tate. Separator plate 1 26 has a ridge 1 32 thereon. Ridge 
132 is used to engage outer portion 118 of diaphragm 
spring 112. 

[0027] As is illustrated in Figure 2, actuator assembly 

40 rods 110 apply no pressure to friction plates 120, 122, 
124, and 126 so that rotor carrier 70 is engaged with 
flywheel 90. Both input shaft 22 and crankshaft 50 rotate 
together. Thus, the bearing 86 does not rotate relatively. 
[0028] Referring now to Figure 3, clutch 52 is shown 

45 in disengagement. Actuator assembly rods 1 1 0 are ex- 
tended in an axial direction toward crankshaft 50 that 
allows diaphragm spring 112 to rotate in a clockwise 
manner (top portion). Thus, outer portion 118 of dia- 
phragm spring 1 1 2 moves toward input shaft 22 allowing 

50 friction and separator plates 1 22, 1 24, and 1 26 to sep- 
arate. Thus, rotor carrier 70 is disengaged from crank- 
shaft 50. Rotor carrier 70 rotates with input shaft 22. Ro- 
tor cannier 70 rotates relative to crankshaft 50 at bearing 
96. During motor rotation, bearing 96 holds rotor earner 

55 70 in an axial position within cup shaped portion 94. To 
re-engage rotor carrier 70 and crankshaft 50, spaces 
1 34 are eliminated by actuator assembly rods 110 mov- 
ing in a direction toward input shaft 22 to allow outer 
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portion 118 to rotate in a counterclockwise direction so 
tl^at friction and separator plates 122, 124, and 126 slide 
toward crankshaft 50 and engage eacii other and friction 

plate 120. 

[0029] In operation of the starter/alternator system 
40, the starting process of engine 12 is initiated by a key 
placed in the start position or the depression of the ac- 
celerator pedal (not shown) with key placed in run posi- 
tion. Clutch 52 engages the crankshaft 50 with Input 
shaft 22. Thirty-six volt battery 64 provides electrical 
powerfor starter/alternator 42 that may be up converted 
to a higher voltage by DC to DC converter 60. This high- 
er voltage is used to charge energy storage 58. Inverter 
56 converts the DC power to three-phase AC power. 
The AC power is supplied to the stator 46 of starter/al- 
ternator 42. The starter/alternator 42 rotates rotor 48 
which in turn rotates crankshaft 50 of engine 12. 
[0030] When the rotor 48 reaches a predetemnlned 
speed, the engine 12 is started by supplying fuel through 
fuel pump and controlling the sparktiming through spark 
plugs 19 through powertrain control unit 18. 
[0031] in the generating mode (after the engine has 
started), the energy storage system 58, and batteries 
64, 66 are monitored to determine whetherthey are fully 
charged. If any of the energy storage sources drop be- 
low a predetemnlned range, three-phase AC power from 
starter/alternator 42 is converted to DC by power invert- 
er 56. DC to DC converters 60, 62 are used to convert 
the possibly higher voltage DC to 42 volts and 14 volts 
DC respectively. It should be noted that the ultra capac- 
itors of energy storage 58 are charged directly by power 
inverter 56. 

[0032] At some point during the operation of the vehi- 
cle, it may be desirable to run solely on electric power. 
In such a case, clutch 52 is used to disengage crank- 
shaft 50 from input shaft 22 of transmission 20. This al- 
lows the starter/alternator 42 to operate as an motor to 
powerthe vehicle without having to rotate the crankshaft 
and pistons. This mode of operation is useful at low 
speeds such as in city driving. When desired, system 
controller 54 can control the system to operate with the 
engine, and the starter/alternator 42 can operate as an 
alternator to charge the batteries. 
[0033] The starter/alternator has a higher Inertial load 
than that normally seen by an engine. The starter/alter- 
nator may be used as a torque source to reduce inertia) 
load. Whilethe engine is operating, the starter/alternator 
may be powered to counteract its inertial load. Thus, the 
inertial load that the engine sees may be controlled to 
that which the engine would see without a starter/alter- 
nator system. That Is, the starter/alternator may provide 
a non-driving torque to reduce inertial load. 



Claims 

1 . A system for an automotive vehicle comprising: 



an internal combustion engine (12) having a 
crankshaft (50) fixedly coupled (92) to a fly- 
wheel (90); 

a transmission having an input shaft (22); 
5 a starter/alternator (42) having a rotor (48) and 

a stator (46), said rotor (48) having a carrier 

(70) fixedly coupled to the transmission input 
(22) and a rotor coil (71), said carrier (70) hav- 
ing a radially extending portion (72), and an an- 

10 nular portion (74) spaced from said Input shaft 

(22), said annular portion having an inner sur- 
face (80) and outer surface (82), said rotor coil 

(71) is fixedly coupled to said outer surface 
(82); and 

15 a clutch mechanism (52) selectively coupling 

said input shaft (22) to said crankshaft (50), 
said clutch (52) having a first friction plate (1 20) 
carried on said flywheel (90), a first separator 
plate (122) slidably coupled to said inner sur- 

20 face (80) of said rotor (48), and actuator (1 04) 

for selectively moving said first friction plate 
(1 20) Into engagement with said first separator 
plate (122). 

25 2. A system as claimed In claim 1 wherein said actu- 
ator (104) comprising a diaphragm spring (112) piv- 
otal ly coupled (1 1 4) to said carrier (70) and a slave 
cylinder operatively coupled to said diaphragm 
spring. 

30 

3. A system as claimed in any preceding claim wherein 
said diaphragm spring (112) is pivotally coupled to 
said radially extending portion (72). 

35 4. A system as claimed in any preceding claim further 
comprising a controller (54) coupled to the starter/ 
alternator (42) to control the engagement and dis- 
engagement of the crankshaft (50) and the input 
shaft (22). 

40 

5. A system as claimed in any preceding claim further 
comprising a bearing for rotatably coupling said ro- 
tor carrier and said crankshaft. 

45 6. A system as claimed in any preceding claim wherein 
said flywheel (90) has a cup shaped portion receiv- 
ing said bearing. 

7. A system as claimed in any preceding claim wherein 
50 said carrier (70) having an axially extending nose 

portion (84) rotatable coupled to said bearing. 

8. A system as claimed in any preceding claim further 
comprising second separator plate (1 26) and a sec- 

55 ond friction plate (1 24). 

9. A system as claimed in claim 8 wherein said second 
separator plate is rotatably coupled to said rotor car- 
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rier. 

10. A system as claimed in claim 8 wherein said second 
separator plate is slidably and rotatably coupled to 
said flywheel. ^ 

11. A system as claimed in claim 8 wherein said actu- 
ator comprises a slave cylinder and piston. 

12. A system as claimed in claim 8 wherein said piston io 
moves a diaphragm spring portion Into engagement 
with said second separator plate. 
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